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This method was applied successfullyl on the CERN F3.

Its application to the NAL accelerators was studied by E. Courant.2
A theoretical analysis of this method was made by D. Méhl.3 pit
more detalled design of such a system for the NAL booster synch-

rotron is given here based on Mdhl's analysis.

Mohl's Analysis

The gqualitative and approximate quantitative results of
MShl's analysis are summarlzed below.

1. The transition-jump method i1s effective to partially
compensate for the phase-space mismatch causzed by space charge
at transition which becomes prominent for nO(O) »>> 1. For best
overall matching one needs a delayed jump which starts near
transition (xl v 0 in MEhl's notation). This and no(o) >> 1 are
assumed for all subsequent formulas.

2. Bunch-length matehing for an infinitely fast jump gives

a lower limit for the magnitude of the jump

oY

st 315 (n (003 (1)

where Gyt is the Jump of the transition ¥, and dy = + T (T = time

interval about transition in which the adiabatic approximation is

# Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission



-2- FN-207
0400

not valid). &y is, therefore, the range of y about transition
in wnich the adiabatic approximation is not valid.

3. For finite jump speed ('*tl # W) the increase in

phase area A 1s given by (%ﬁ << l)

)
§A 0.60 3y
v : (2)
b (ng0))%3 RSE
1+ —
v
[ ‘SYt
which gives the deslired jump speed Yio Ir v is given by
Equ. (1) we have
2
5 (n(0))
v 1.4 ; i 73 (3)
o
Y
4. The growth in (QQ) = A is given by
VW max
Yy
A -1/3 Sy
1+ —
Y

where AO is the %E at transltion in the absence of space charge.

Gyt

LT A is given by Egu. (1) we have
2
- (n_(03))
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Booster Parameters

The transition parameters nO(O) and T can be given in

terms of dimenslonless parvameters byu

1/2
V3 w7/2 EE Ngo {frf)

n_ (0) = .
© 2 (raszn3 K37 1T
3.1 Yu
7= 17 *2
f.r Y |cote |

where for the booster at transition the parameters are

r(2/3) = factorial function of 2/3 = 1.354

r, = classical proton radius = 1.53 x 10—18 m
R = machine radius = 75.47 m
N = total number of protons per pulse = 3.5 x 1012
g, = geometric factor v 4.5
- _ 6 -1
frf = rf frequency = 52.20 x 10~ sec
Y = time rate of increase of y = 0.407 x 103 sect
¢ = synchronous phase = 900 + 20°

A = total phase area occupied by beam in %3 ¢

units (A = %%F where S = phase area of each

beam bunch in w¢ units, and dw = % dp) = 0.00€9

With these parameters we have for the bcoster

n, (03 3.8

T 0.28 x 1073 sec

Sy = yT = 0.114

(6)

(7)
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and Zqu. (1) gives
|6y, » 1.0 (8)
L
Yol o . SA -
For —/— = 10 and 20, Equ. (3) gives o 0.83 and 0.35. There-
Y
fore a Jjump speed of
o] v 20" secT? (2)

[}

or a jump time for éyt 1.0 ¢f 0.1 m sec is desirable. This

Yel o
Jump speed gives ——— = 25 and
Y
B o g6, Lo o (10)
A > AO

yt—jump Quadrupocles

G=Jjump Is a misleading name for the system. What one

wants 1s a yt—jump system, and it 1s quite possible toc shift
Y by 1 unit without noticeably affecting Vo and vy (or Qx and

Qy). To see this we recall that the equation for the dispersion

function xp after Flogquet transformation is

2 3/2
d_lz']‘, + \)gu = -—-—-(\)g) (11)
d¢
where
-
) VB

z along orbilt

~
jo)
©
I
|
'l



~5- FN-207
0400

; . a . . -
If we add to B a term with zero ¢-average (say, 5 5in ng), the
betatron wave numbers Vo and vy will not be affected. Neglescting

other oscillatory terms in B and assuming % << 1 we can write

approximately

sin ng

PO
e

% (v8)3/2 = % (R + a sin n¢)3/2 = VE +

The =olution of Egu. (11) is then

[

_&
/R YR sin né

2 2 .2 2

Y v I

The change in orbit leﬂgth per unit %R is

L = .ﬁ % (v81372 | ae

]
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The transition Y is, therefore, changed to

2 _2fR%v 2 9 a°
Yo ¥ 3L V.- g 2 2 2 (i2)

If n is chosen to be the integer closest to v, because of the

4
v

2 2
vo - n

a small & is adeguate to reduce Ye 2 great

large factor B

deal.
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For the NAL booster the number of cells is N = 24 and
v (namely vx) is 6.7. We choose n = € because 1t is commen-

surable with N. Twelve 0.20 m long gquadrupcles are placed in

the mid-F positions (the cell structure is FOFDOOD) and evenly

spaced around the ring. With the 12 guadrupoles excilited alter-

nately as F and D, computer runs using SYNCH give for various

values of B' of the quadrupoles the following values of Vs Vv

y b
Yis and xp . at transition.

B' (kG/m) Yx Yy 5 max (™ Tt
0 £.700 6.800 3.189 5. 446
+2.825 6.701 6.800 4.157 5,425
+8,476 6.710 6.800 5.966 5.267
14,127 £.726 6.801 7.512 5.008
*19.777 6.755 6.802 8.728 4,715

r 1

LE?S.H28 6.790 6.803 9.600 “'“35f
£31.079 6.832 6,804 1C0.156 4,191

We see, therefore, with very modest guadrupole strength one
can reduce Yi by 1 unit. Of course in so dolng xp max i1s in-
creased by a factor of 3. This increase is, of course, un-
aveidable but it is gquite tolerable. The SYNCH output for the

cases of B' = 0 and 25.428 kG/m are attached as an appendix.
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